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DIKE  STABILITY  ANALYSIS.  BASIN  F 
ROCKY  MQUHTAIH  ARSENAL 
DENVER,  CO 

1..  This  analysis  was  performed  during  the  period  9  November  1977  - 
23  May  1978.  The  study  was  authorized  hy  Intra-Army  Order  for  Reimbursa¬ 
ble  Services  (lAO)  No.  RM  56-78  dated  9  November  1977.  A  Work  Statement 
attached  to  that  lAO  defines  the  work  t^o  be  performed  under  Task  1.05,62, 
Quantitative  Feasibility  Evaluation  for  Full-Depth  Containment  of  Basin  F 
and  states,  in  part,  that  ”Any  hazards  to  the  existing  dikes  due  to  age 
or  construction  shoiald  be  identified"  and  "Assess  the  current  physical 
condition  of  the  Basin  for  determination  of  need  for  immediate  struct'xral 
repair."  This  report  presents  the  findings  of  the  U.  S.  Army  Engineer 
Waterways  Experiment  Station  (WES)  in  compliance  with  the  appropriate 
portions  of  Task  1.05.62. 

2.  A  visual  on-site  inspection  was  made  of  the  dike,  and  four 
boring  locations  were  selected.  A  plan  view  of  Basin  F,  along  with  the 
boring  locations,  is  shown  in  Figure  1.  The  initial  borings  were  made 
by  a  WES  drill  crew  operating  a  drill  rig  belonging  to  Rocky  Mountain 

y 

Arsenal  (RMA)*  The  rig  was  not  equipped  to  obtain  satisfactory  undis¬ 
turbed  su*nples ,  and  in  order  to  expedite  the  investigation,  the  borings 
were  made  utilizing  Standard  Penetration  Tests  (SPT)*  Jar  samples  were 
obtained  and  tested  in  the  ms  Soil  Testing  Facility  for  moisture  con¬ 
tent,  Atterberg  limits,  grain— size  distribution,  and  specific  gravity. 

The  laboratory  test  results  are  presented  in  Figures  2-Ul.  The 
graphic  boring  logs  and,  results  of  the  SPT  tests  are  presented  in 
Figiires  42-^5. 

3.  From  the.  SPT  and  laboratoiy  test  results ,  shear  strength  and 
unit  weight  parameters  were  estimated.  The  soils  were  considered  to  be 
either  cohesive  (in  which  case  no  angle  of  internal  friction  was  as¬ 
signed)  or  cohesionless  (in  which  case  no  cohesion  was  assigned). 


These  estimated  values  are  presented  in  Figures  h2-k3-  Stability 
analyses  were  performed  by  using  the  Wedge  Method  in  the  WES  Computer  ’ 
Program  SSWO28, 

U.  It  appeared  from  the  calculated  factors  of  safety  (0.8T  to  1.25) 
that  a' critical  condition  existed  in  the  outside,  or  downstream,  slope 
when  the  reservoir  was  at  fiill  pool  (2  ft  below  the  crest)  and  when  a*; 
steady  seepage  state  with  an  assumed  phreatic  line  occurred  through 
the  dike.  Since  the  reservoir  has  been  at  full  pool  and  the  dike  has;: 
not  failed,  it  was  felt  that  either  the  estimated  strength  values  were 
not  valid  or  the  asphaltic  membrane  liner  on  the  upstream  slope  had  been 
effective  in  preventing  a  steady  seepage  state  from  occurring  and  the 
conditions  necessary  to  reduce  strength  to  that  for • saturated  drained 
conditions  have  not  yet  developed.  (The  laboratory  tests  indicate 
that  the  embankment  zone  below  the  assumed  phreatic  line  is  not  & 

saturated.)  Since  the  possibility  exists  that  the  liner  could  become 
ineffective  at  some  point  at  any  time,  and  since  the  low  factors  of 
safety  were  calculated  from  estimated  soil  parameters,  it  was  felt  that 
additional  borings  to  obtain  undisturbed  soil  samples  for  more  accurate 
laboratory  testing  were  necessary. 

5.  Pour  additional  borings  were  made  within  5  ft  of  the  initial 
borings  by  a  WES  drill  crew  using  a  WES  drill  rig.  Undisturbed  Shelby- 
tube  samples,  5  in.  in  diameter,  were  obtained.  Where  the  soil  possessed 
sufficient  cohesion,  Q  triaxial  tests  were  performed;  where  the  soil 
possessed  low  cohesion,  S  direct  shear  tests  were  performed.  All  test 
results  are  presented  in  Figures  46-79*  A  comparison  of  the  initial 
estimated  values  and  the  measured  laboratory  values  indicates  that  the 
estimated  values  were  only  slightly  in  error.  Since  several  samples 
were  tested  from  each  zone ,  and  since  the  Values  within  a  zone  varied 
slightly,  it  was  necessary  to  make  statistical  selections  of  values 
for  use  in  the  analyses.  The  selected  soil  parameters  for  respective 
zones  are  shown,  along  with  the  initial  graphic  borings  logs  and  es¬ 
timated  values,  in  Figures  42-45.  Stability  analyses  were  performed 
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utilizing  the  selected  values  and  the  Modified  Swedish  Method  in  the 
CORPS  Computer  Program  10009.  Only  the  downstream  slope  was  evaluated. 
Again,  pool  level  was  assumed  to  he  2  ft  helow  the  crest.  Analyses  were 
also  performed  with  a  pseudo-seismic  (earthquake)  loading  of  0.05  g.  The 
analyses  are  presented  in  Figures  80-83. 

6.  The  analyses  revealed  that  the  factors 'of'' safety  are  highly 
dependent  upon  the  degree  of  cohesion.  Figure  Bk  graphically  depicts 
this  sensitivity.  Corps  of  Engineers  (CE)  criteria^,  however,  dictate 
that  the  SS  case  he  analyzed  using  the  drained  strength  (S  test), 
w;hich  in  this  case  is  without  cohesion.  On  this  basis,  factors  of 
safety  of  0.79  to  1.11  were  obtained.  Because  of  the  sensitivity  of 

•  the  factors  of  safety  to  cohesion,  analyses  were  also  performed  using 
the  undrained  strength  (Q  test)  which  includes  cohesion  and  represents 
the  unsat ’irated  ”as  is”  condition  of  the  dike.  Factors  of  safety  for- 
this  condition  range  from  if, Us  to  9.80.  A  sxammary  of  all  factors  of 
safety  is  presented  in  Figure  85. 

7.  Because  of  the  low  factors  of  safety  indicated  for  the  SS 
case,  further  analyses  were  performed  with  the  reservoir  pool  lowered 
hy  2- ft  increments  to  determine  if  a  lower  head  would  increase  the 
factor  of  safety  to  1.5  as  required  hy  CE  criteria  for  the  SS  case. 

(We  understand  that  the  reservoir  pool  elevation  is  decreasing  due  to 
reduction  and  possible  complete  cessation  of  fluid  discharge  into  the 
basin. )  Boring  i^82  was  selected  as  being  representative  and  only  this 
location  was  subjected  to  the  additional  analyses  which  were  performed 
using  both  S  and  Q  strengths  and  with  and  without  earthquake  load¬ 
ings.  The  results  are  shown  graphically  in  Figure  86.  Increases  in 
factors  of  safety  were  only  slight. 

8.  A  summary  of  all  analyses  indicates  that  in  order  to  comply 
with  current  CE  criteria  of  a  factor  of  safety  of  1.5  for  the  SS 
condition,  the  downstream  dike  slope  must  be  altered  from  its  present 
1:1  to  a  flatter  1:2.5.  It  is  estimated  that  the  dike  comprises  ap¬ 
proximately  one-half  of  the  total  periphery  of  the  basin;  consequently, 


approximately  3600  lin  ft  of  dike  must  be  altered.  The  alteration  vill 
require  approximately  l6,000  cu  yd  of  soil.  The  operation  should  be 
fairly  simple  and  can  be  accomplished  by  stripping  soil  from  around  the 
periphery  with  a  bulldozer  and  shoving  it  up  onto  the  existing  slope. 
The  absence  of  significant  vegetation  in. the  surrounding  topsoil  and  on 
the  dike  slope  should  expedite  the  operation.  The  peripheral  fence 
must  be  removed  and  replaced  along  the  length  of  dike  addressed. 
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^  DRY  DENSITY.  PCF 
S  SATURATION.  X 

H.*  _ _ _ _ _ 

VOID  RATIO 

NfiT'ER  CONTENT .  X 

cr  _ _ _ 

^  DRY  DENSITY*  PCF 
^  SfiTURftTION.  X 

P  VOID  ratYo  ” 

£  BACK  PRESS. TtsF 


117..0  •ii7.5  120.5 


0.438  C.429  0.394 


MIN  PRIN.  STRESS.  TSF 

o.s 

1  .5 

3.0 

MAX.  DEV.  STRESS.  TSF 

3.42 

5.50 

9^92 

TIME  TO  FAILURE*  MIN. 

36 

36 

27 

RATE  OF  STRAIN  INCR.X 

INITIAL  DIAMETER.  IN. 

1  .40 

1 .39 

I  .40 

INITIAL  HEIGHT*  IN. 

3.00 

3.00 

3.00 

LL  27 


REMARKS 


PL  11 


PI  16 


CLAYEY  SAND  (SC). 


DARK  BROWN 


OS  2.69 


UNDISTURBED  SPECIMEN  I  Q  TEST 


■■  —  -  —  -  _ 1 . . — — '  •  ■  . .  ■  ■« - — ^ — - - 

PROJECT  DIKE  STABILITY 

ROCKY  MOUNTAIN  f 

ARSENAL 

BORING  NO-  484-U 

SAMPLE  NO.  3 

OEPTH/ELEV  5.0-5.9 

TECH.  RE 

LABORATORY  USAE  WES 

DATE  28  MAR  78 

TRIflXIfiL  COMPRESSION  TEST  REPORT 

S  5.0 


c  = 

T/SF  ■ 

<#>  i 

DEO 

TAN' 

■ 

-- 

-  _■  ^ 

I 

flXIfIL  STRPIIN 


CONTROLLEO-STRPIN  TEST 


DESCRIPTION  OF  SPECIMENS 


REMARKS i 


Humi 


5.0  7.5  iO.O 

NORMAL  STRESS.  T/SQ  FT 

SPECIMEN  NO.  A1 

irfy^RTER  CONTENT.  X  7.4 

-  ^  DENSITY.  PCF  102-' 

2  SRTURRTION.  X  '  30.9 

.  _  -  -  . . — 

-  VOID  RRTIO  _ 0.646 

or  WATER  CONTENT. 
a: _ 

_ _  ^  DRY  DENSITY.  PCF _ _ 

SRTURRTION.  'K  _ _ 

p  VOID  RRTIO  _ 

'  ^  BACK  PRESS..  TSF _ 

MIN  PRIN.  STRESS .  TSF  O.S 
-  MAX.  DEV.  STRESS.  TSF  1  -47 

time  to  failure.  MInT  21 

-J-J-J-  RATE  OF  STRAIN  INCR.*4 

20  ——————————— - - — 

INITIAL  DIAMETER.  IN-  1  .39 


INITIAL  HEIGHT .IN- 


SILTY  SAND  ( SM ) .  TANt  A  FEW 


CARBONATE  CONCRETIONS  UP  TO  1/4" 


Ai 

Y2 

X3 

7.4 

7^0 

imm 

102.4 

lOi 

3  I0I.8 

30.9 

28.8 

28. e 

0.646 

0.656 

0.655" 

Q  TEST 


UNDISTURBED  SPECIMEN 


PROJECT  DIKE  STABILITY  .  ^ 


_ ROCKY  MOUNTAIN  ARSENAL 

BORING  NO-  4B4-U  | SAMPLE  NO  -  4 


DEPTH/ELEV  lO-O-ll  -1  _ 


LABORATORY  USAE  WES  |  DATE  3i  MAR  78 

TRIflXIflL  COMPRESSION  TEST  REPORT 

Fig\ire  6U 


VERTICAL  DEFORMATION,  IN.  X  lU  ‘  SHEAR  STRESS,  r,  T/SQ  FT 


J  . 


1.5^ 


itfiiiilli 


^  t 


T  f  -  t  -ff 


u  I  ! 


pffiMii® 

jijc  |t|r  i  i;  ;;rf  ,:ii: 

I:  tf' 

ipS  pS  ^  ts 

‘r  V"  f't  t  ♦  i-i-*  ’  r-  »-■»*•*- 


4  j-  t  -f-Lf  f-  t  X 

HijltiUl  S  1 


:|1(  li  fe  r!  I'l  f  T  If  i!-! 


iSH; 

-+  44T 


IggiSEfiijair 


1  .  .2 

NORMAL  STRESS,  a.  T/SQ  FT 


-10  KhS 


TEST  NO. 

WATER  CONTENT 


7.8  %  7.5  % 


VOID  RATIO 

eo 

0.58Q 

0.5.96 

.0.586 

SATURATION 

So 

34.8  ^ 

35.3^® 

34.6% 

% 

DRY  DENSITY. 

LB/CU  FT 

7d 

106.1 

105.6 

106.3 

0  0.1  0.2  0.3  0.4  0.5 

HORIZ.  DEFORMATION,  IN. 

SHEAR  STI^ENGTH  PARAMETERS 

= _ 

TAN  0'  = _ 


VOID  RATIO  AFTER 
CONSOLIDATION 

TIME  FOR  SO  PERCENT 
CONSOLIDATION.  MiN 

WATER  CONTENT 

< 

2  VOID  RATIO 
iZ 

SATURATION 


13.^  13.4^  13.9' 


_ I  CONTROLLED  STRESS 
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CLHYEY  SRND  CSC). 


LIGHT  BRONN 


Y2 

X2 

10.7 

. . J 

10.9 

107.1 

104 .4 

43.8 

47.3 

0.S85 

0.626 

i  .5 

3.0 

4.14 

6.30 

21 

29 

6 

1  .40 

1  .40 

3.00 

o 

o 

LL  2A 


REMRRKSi 


PL  12 


PI  12 


GS  2.72 


UNDISTURBED  SPECIMEN 


PROJECT  DIKE  STRBILITY 


ROCKY  MOUNTfilN  RRSENfiL 


Q  TEST 


SRMPLE  NO.  9 
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